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57 ABSTRACT 
Nitric acid is added to an aqueous solution of organic 
acid salts of metals to be included in a resulting complex 
oxide powder, into which an aqueous solution of an 
inorganic salt of other metal component has been incor 
porated according to need, and the resulting solution is 
heated until the organic acid salts are decomposed and 
the decomposition product is heated, whereby a in 
tended complex powder which is very fine and highly 
bulky and has a large specific surface area is obtained. 

5 Claims, 1 Drawing Figure 
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PROCESS FOR PREPARATION OF MIXED OXDE 
POWDERS 

BACKGROUND OF THE INVENTION 
1. Field of the Invention: 
The present invention relates to a process for the 

preparation of complex oxide powders which are used 
broadly as catalysts, gas electrodes and the like. More 
particularly, the present invention relates to a process 
for the preparation of mixed oxide powders which are 
very fine and highly bulky and have a large specific 
surface area. 

2. Brief Description of the Prior Art: 
A material composed of at least two metal oxides is 

generally called a complex oxide. Materials formed by 
merely mixing metal oxides cannot be used as catalysts 
or gas electrode but only materials in which these metal 
oxides form a solid solution can be applied to these uses. 
In the case of a solid solution, a stoichiometric relation 
is established among the numbers of the constituent 
metals and oxygen. By the term "complex oxide' used 
in the instant specification is meant an oxide including at 
least two metals as the constituent elements in which 
these metal oxides form a solid solution. 
Various useful complex oxides are known in the art. 

For example, a material represented by the following 
general formula: 

wherein M' stands for Y, Ln is at least one element 
selected from rare earth elements having an atomic 
number of 59 to 71 and alkaline earth metals, M' is at 
least one element selected from Li, Al, Ti, V, Cr, Mn, 
Fe, Co, Ni, Zn, Ga, Zr, Sn, Ce, Mo and W, and x and y 
are numbers satisfying the requirements 0SXS2 and 
0Sys 1, is a mixed oxide having a K2MgF crystal 
structure, and this material has very excellent proper 
ties as a catalyst for disposal of exhaust gases. 

Further, it is known that a material represented by the 
following general formula: 

MM"M" 

wherein A is at least one element selected from Y and 
rare earth elements having an atomic number of 57 to 
71, M' is at least one element selected from alkaline 
earth, metals, M' is at least one element selected from 
transition metal elements, and x and y are numbers satis 
fying the requirements 0s.xs 1 and 0.sys 0.5; is a com 
plex oxide having a perovskite crystal structure, and a 
porous electrode formed by using this material has very 
excellent properties. 
As typical instances of other well-known complex 

oxides, there can be mentioned ferrite, garnet, lead zir 
conate, lead titanate, barium titanate, and lead zircotita 
nate. 
These various complex oxides are used broadly in 

various fields. 
Complex oxides have heretofore been prepared ordi 

narily by the coprecipitation method, the freeze-drying 
method and other methods. 
According to the coprecipitating method, constituent 

metal elements are coprecipitated from a solution of 
salts of metal elements of an intended complex oxide 
such as nitrates, acetates, oxalates and chlorides, and the 
coprecipitate is separated from the liquid and heat 
decomposed, and the decomposition product is heated 
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2 
so as to obtain the intended complex oxode powder 
having a uniform composition. 
This is one of methods heretofore used most fre 

quently for the preparation of complex oxide powder, 
but this method is defective in that various additional 
steps such as the step of washing the coprecipitate are 
required and the bulkiness of the resulting complex 
oxide powder is low and the specific surface area is 
small. 
According to the freeze-drying method, the tempera 

ture of a solution of salts of the constituent metal ele 
ments such as mentioned above is rapidly lowered to 
freeze the solvent and separate the salts from the solvent 
in vacuum, and the separated salts are heated as in the 
coprecipitation method. W 
This method is advantageous in that a complex oxide 

powder having a very large specific surface area can be 
obtained, but the method is defective in that the process 
steps are complicated and the bulkiness of the resulting 
complex oxide powder is low. Accordingly, the appli 
cation of this method is limited. 
Furthermore, there have been proposed a method 

comprising mixing uniform powders of salts of the con 
stituent metal elements and heating the resulting homo 
geneous mixture and a method comprising evaporating 
a solution of salts such as mentioned above to dryness to 
separate the salts from the solvent. However, these 
methods are defective in that the process steps are com 
plicated and the properties of the resulting complex 
oxide powder are undesirable. None of these conven 
tional methods are satisfactory from the industrial view 
point. 

SUMMARY OF THE INVENTION 

It is therefore a primary object of the present inven 
tion to provide a process for the preparation of complex 
oxide powders which can overcome the above-men 
tioned various defects involved in the conventional 
methods and according to which complex oxide pow 
der which are fine and bulky and have a large specific 
surface area can be efficiently prepared. 
Other objects and further scope of applicability of the 

present invention will become apparent from the de 
tailed description given hereinafter; it should be under 
stood, however, that the detailed description and spe 
cific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, 
since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed description. 
In accordance with the present invention, this object 

can be attained by a process comprising adding nitric 
acid to a solution of organic acid salts of constituent 
metals of an intended mixed oxide, heating the solution 
until the organic acid salts are decomposed, and heating 
the resulting decomposition product to form the in 
tended complex oxide powder having a uniform com 
position. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will become more fully under 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of 
the present invention, and wherein, 
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FIG. 1 is a curve illustrating the relationship between 
the amount of nitric acid added and the bulk density of 
the resulting complex oxide powder. 

DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS: 

Complex oxides powder are prepared from a solution 
of organic or inorganic salts of constituent metal ele 
ments by the above-mentioned various methods. 
One of the characteristic features of the present in- 10 

vention over the conventional methods is that a solution 
is used in which at least one of the constituent metal 
elements is present in the form of an organic acid salt, 
nitric acid is added to the solution and the solution is 
heated to oxidize and decompose the organic acid salt. 15 
As organic acid salts of metal elements, there can be 
used, for example, various water-soluble salts of organic 
acids such as acetic acid, formic acid, butyric acid, citric 
acid and tartaric acid. 

Nitric acid is added to an aqueous solution of such 20 
organic acid salts, and the solution is heated. When 
water is substantially evaporated to dryness, decompo 
sition of organic substances begins. In this state, nitric 
acid copresent with the organic acid salts is also decom 
posed, and oxygen is generated by decomposition of 25 
nitric acid and by a highly oxidative action of oxygen of 
the nascent state the oxidative decomposition of the 
organic acid salts is further promoted. 
The so obtained decomposition product of the or 

ganic acid salts is very fine and cohesion is substantially 30 
not caused among particles. Accordingly, the decompo 
sition product is very bulky. This phenomenon is simi 
larly observed not only when all of the starting metal 
elements are used in the form of organic acid salts but 
also when parts of the starting metal elements are used 35 
in the form of inorganic salts. More specifically, in prac 
ticing the process, all of the starting materials need not 
be organic acid salts but inorganic salts may also be used 
in combination with organic acid salts. 
In the present invention, the decomposition rate of 40. 

the salts is changed according to the amount of nitric 
acid added and this change in the decomposition rate 
results in the change of the particle size or the bulkiness 
in the resulting decomposition product. Therefore, ac 
cording to the present invention it is possible to control 45 
the particle size or the bulkiness of the resulting com 
plex oxide powder by adjusting the amount of nitric 
acid which is added in the process. 
A preferred amount of nitric acid to be added is 

closely related with the amount of the organic acids 50 
contained in the organic acid salts. More specifically, 
when nitric acid is added to an aqueous solution of the 
organic acid salts, the organic acids contained in the 
organic acid salts are promptly replaced by nitric acid. 
However if the amount of nitric acid to be added at this 55 
point is too small, the organic acids are not sufficiently 
substituted for and the oxidative decomposition is not 
effectively advanced. In contrast, if the added amount 
of nitric acid is too large and the organic acids are com 
pletely substituted by nitric acid, it follows that the 60 
metal nitrates are heated and no preferred results can be 
obtained. 
A fine powdery complex oxide having a very low 

bulk density and excellent properties can be obtained 
when nitric acid is added in such an amount that the 65. 
ratio b/a is within a range of from 0.3 to 0.6 wherein a 
stands for the minimum amount (mole) of nitric acid 
necessary for completely substituting organic acids 

LH 

4. 
contained in organic acid salts of the constituent metal 
elements and b stands for the amount (mole) of nitric 
acid actually added. 
A complex oxide powder obtained by adding nitric 

acid in such an amount that the ratio b/a is within a 
range of from 0.2 to 0.8 can be applied to the intended 
uses, but if the ratio b/a is outside the range of from 0.2 
to 0.8, the bulk density of the resulting complex oxide 
powder drastically increases and it cannot be put into 
practical use. 
When nitric acid is added in the foregoing manner 

and the solution of organic acid salts is heated substan 
tially to dryness, the resulting decomposition product of 
the salts is a mixture of constituent metal elements and 
the like, and at this point no intended complex oxide 
powder is formed as yet. The intended complex oxide 
powder is obtained only when this decomposition prod 
uct is heated. The decomposition product at the above 
heating step is very fine and possessed excellent homo 
geneity. Accordingly, heating can be accomplished at a 
lower temperature in a shorter time than in the conven 
tional methods. Therefore, cohesion or growth of the 
particles is hardly caused at the heating step, and a 
complex oxide powder which is highly bulky and has a 
very large specific surface area is obtained. For exam 
ple, a complex oxide powder having a composition 
La2Cuo.97ro. O or NdogSroCoogNioO3 can be ob 
tained by conducting the heating at about 700 C. for 
about 1 hour. Further, a complex oxide powder of the 
perovskite type crystal structure represented by the 
general formula M'M'Os in which Astands for a rare 
earth element such as La, Sm, Eu and Nd or an alkaline 
earth mtal such as Mg, Ca, Ba and Sr and M" stands for 
Ni, Co or Fe and a mixed oxide of the KMgF, type 
crystal structure represented by the general formula 
A2BO in which M and M' are as defined above, can 
easily be formed by conducting the heating at a temper 
ature lower than 1000 C. for about 1 hour. 
When a complex oxide powder is formed from a mix 

ture of oxides or acetates of constituent metal elements 
according to the conventional methods, the heating 
should be conducted at a high temperature exceeding 
1000 C. for more than 24 hours for in order to obtain 
the intended complex oxide powder. According to the 
conventional methods, since the heating is conducted at 
such high temperatures, growth or cohesion of the 
particles is readily causes and hence, it is difficult to 
obtain a complex oxide powder having high bulkiness 
and a large specific surface area. Furthermore, in the 
conventional methods, when the heating is conducted 
at such high temperatures for a long time, incorporation 
of different oxides cannot be prevented and thus a com 
plex oxide powder having a homogeneous composition 
cannot be obtained. 
ACcording to the present invention, all of the defects 

of the conventional methods can be completely over 
come. More specifically, in the process of the present 
invention, since the heating temperature can be lowered 
and the heating can be accomplished in a shorter period 
of time, a very fine complex oxide powder having a 
high bulkiness and a large specific surface area and 
possessing an excellent homogeneous composition can 
be obtained, and when the so obtained complex oxide 
powder is used for the production of gas diffusion elec 
trodes and catalysts in which a high porosity and a large 
surface area are required, the resulting products show 
very excellent properties. 
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This invention will now be illustrated in detail by 
reference to the following Examples which by no 
means should limit the scope of the present invention, 

EXAMPLE 1 5 
15.8g of lanthanum acetate, 5.0 g of copper acetate 

and 0.67 g of zirconium acetate were dissolved in 90 ml 
of pure water, and 15 ml of nitric acid having a specific 
gravity of 1.38 was added to the solution and it was 
heated substantially to dryness, to obtain a very bulky 10 
decomposition product. The so obtained decomposition 
product was heated in air at 900 C. for 2 hours to ob 
tain a mixed oxide powder having a composition La2 
Cuo,97ro. O4. 
The obtained mixed oxide powder was found to have 15 

a specific surface area of 7 m2/g and a bulk density of 
0.068 g/cm3. 
A complex oxide powder of the same composition 

prepared according to the conventional coprecipitation 
method was found to have a specific surface area of 2 20 
m2/g and a bulk density of 0.2 g/cm3. Thus, it was 
found that each of the specific surface area and the 
bulkiness of the oxide powder according to the process 
of the present invention was higher than that of the 
complex oxide powder prepared according to the con- 25 
ventional method. 
The complex oxide powder LaCuo.92ro.104 prepared 

by this Example was molded and used as a catalyst for 
reducing nitrogen oxides (NO) to nitrogen (N). The 
conversion of NO to N, was as high as 90% when the 30 
specific velocity was 10,000 hr-1. When a catalyst pre 
pared by heating and molding the above-mentioned 
mixed oxide powder formed according to the coprecipi 
tation method exhibited a conversion of only 83% 
under the same conditions. Thus, it was found that the 35 
catalyst prepared from the complex oxide powder 
formed according to the process of the present inven 
tion was excellent over the comparative catalyst pre 
pared from the complex oxide powder formed accord 
ing to the coprecipitation method. w 40 

EXAMPLE 2 

15.80 g of neodymium acetate, 10.75 g of strontium 
acetate, 11.20 g of cobalt acetate and 1.20 g of nickel 
acetate were dissolved in 100 ml of pure water (compo- 45 
sition 1). 

In the same manner as described in Example 1, 7 to 15 
ml of nitric acid having a specific gravity of 1.38 was 
added to the solution to decompose the above salts, and 
the decomposition product was heated at 900 C. for 1 50 
hour to obtain a complex oxide powder of the perov 
skite crystal structure having a composition Ndog 
Sro. CoosNio, O3. The resulting complex oxide powder 
was molded into an air electrode. 
A relation as shown in Table 1 was established be- 55 

tween the amount of nitric acid added and the proper 
ties of the air electrode. 

Table 1 
Added Amount (M) Bulk Density Electrode 

of Nitric Acid (g/cm) Characteristic (V) 60, 
7 > 0.2 -0.25 
O 0. -0.2 
12 0.1 - 0.08 -0.8 
13 0.07- 0.05 -0.15 
14 0.1 -0.20 
15 >0.2 - 0.27 65 

In Table 1, the electrode characteristic means the 
potential of the electrode when it was actuated at a 

6 
current density of 50 mA/cm2, which potential was 
measured by using a mercury reference electrode 
(Hg/HgO) as a reference electrode. A higher value is 
more preferred for the electrode. 
As is apparent from the results shown in Table 1, it 

was found that when the amount of nitric acid added 
was 10 to 14 ml per 100 ml of the salt solution, the 
resulting complex oxide powder had a higher bulkiness 
and a better electrode characteristic, 

In addition to the above aqueous solution containing 
the acetates alone (composition 1), solutions containing 
citrates or formates in combination with acetates (com 
positions 2 and 3 shown below) were treated in the same 
manner as the above composition 1 to obtain complex 
oxide powder. When they were molded into air elec 
trodes and tested in the same manner as above, similar 
results were obtained 

Composition 2: 
Nd(CHCOO) 15.800 g 
Sr(CHCOO), 1.075g 
Co(C5H5O), 17.843g 
Ni(CHO) 1.980 g 

Composition 3: 
Nd(CHCOO) 15.800 g 
Sr(CHCOO) 1.075g 
Co(HCOO) 13.409 g 
Ni(HCOO) 1.488 g 

EXAMPLE 3 

A preferred amount of nitric acid to be added is 
closely concerned with the amount of organic acids 
contained in organic acid salts of constituent metal ele 
ments. More specifically, when nitric acid is added to an 
aqueous solution of organic acid salts, the organic acids 
contained in the salts are immediately substituted by 
nitric acid, and if the amount of nitric acid added is too 
small or too large compared to the amount of the or 
ganic acids to be substituted, complex oxide powder 
having preferred properties cannot be obtained. 
FIG. 1 illustrates the results obtained when the com 

plex oxide powder were prepared by adding nitric acid 
to an aqueous solution containing 0.5 mole/l of La(CH3. 
COO), 0.1125 mole/l of Cu(CH3COO), and 0.025 mo 
le/1 of ZrO(NO3)2H2O and influences of the amount of 
nitric acid added on the bulk density of the resulting 
complex oxide powder were examined. 
As is apparent from the results shown in FIG. 1, when 

the ratio b/a of the added amount (b mole) of nitric acid 
to the minimum amount (a mole) necessary for substi 
tuting completely the organic acids contained in the 
organic acid salts is within a range of from 0.2 to 0.8, the 
bulk density of the heated complex oxide powder is 
sufficiently low, and products obtained by adjusting the 
ratio b/a within this range can be sufficiently put into 
practical use. Especially when the ratio b/a is within a 
range of from 0.3 to 0.6, the bulk density is drastically 
lowered and the resulting complex oxide powder pos 
sesses very excellent properties. 

In the foregoing Examples, only complex oxide pow 
der of the perovskite crystal structure and of the 
KMgF type crystal structure are illustrated. However, 
the process of this invention can be applied to the pro 
duction of other type mixed oxides, for example, ferrites 
and garnets and good results can be similarly obtained. 
The invention being thus described, it will be obvious 

that the same may be varied in many ways. Such varia 
tions are not to be regarded as a departure from the 
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spirit and scope of the invention, and all such modifica 
tions as would be obvious to one skilled in the art are 
intended to be included within the scope of the follow 
ing claims. 
What is claimed is: 
1. A process for the preparation of complex oxide 

powder having a high specific surface area and a low 
bulk density which comprises the steps of preparing an 
aqueous solution of salts of the metallic elements of said 
complex oxide and nitric acid, said complex oxide being 
at least one member selected from the group consisting 
of complex oxides with perovskite crystal structure and 
complex oxides with K2MgF crystal structure, wherein 
said solution contains said metallic elements in the pro 
portion of the constituent metallic elements of said com 
plex oxide, at least one of said salts being an organic acid 
salt and said nitric acid being present in said solution in 
such an amount that a ratio b/a is within a range of from 
0.2 to 0.8, wherein a stands for the minimum molar 
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8 
amount of nitric acid necessary for completely substitut 
ing for the organic acid of said organic acid salt and b 
stands for the molar amount of nitric acid actually 
added, heating said aqueous solution substantially to 
dryness to decompose said salts and heating the result 
ing decomposition product to form the intended com 
plex oxide powder having a uniform composition. 

2. A process of claim 1, wherein said organic acid is at 
least one member selected from the group consisting of 
acetic acid, citric acid, formic acid, taetaric acid and 
butyric acid. 

3. A process of claim 1, wherein at least one inorganic 
salt is used in combination with said organic salt. 

4. A process of claim 1, wherein the heating tempera 
ture of said resulting decomposition product is a tem 
perature less than 1000' C. 

5. A process of claim 1, wherein said ratio of b/a is 
within a range of from 0.3 to 0.6. 

k 


